M
otor vehicle crash related injury is the leading cause of death in children in the US after the first year of life. [1] [2] [3] As of 1995, all states had enacted some type of child occupant restraint law. Only 19 states have currently passed primary enforcement seat belt laws, allowing police to stop vehicles solely for occupant restraint law violations. 4 Most Native American tribes in the US, with few exceptions, are viewed as sovereign nations not subject to the traffic laws (and other civil laws) of the surrounding state(s). 5 The mortality associated with motor vehicle crashes in the US is highest in counties of low population density and inversely correlated with per capita income. This may be due to differences in road characteristics, travel speeds, seat belt use, types of vehicles, and availability of emergency care. 6 Most Native American reservations are located in rural areas, and Native Americans reside in relative poverty compared with US whites. 7 The rural environment and relative poverty that many Navajo children live in compared with other US children may place them at particular risk for motor vehicle related morbidity and mortality.
Grossman et al examined differences in risk factors for motor vehicle crashes between rural and urban American Indians and between rural American Indian and non-Native American drivers. These investigators found that rural Native American occupants who did not use safety belt restraints had over a twofold higher risk of injury or death compared with those with seat belts. 8 These data were not analyzed with respect to the pediatric age range. Unrestrained children are more likely to be severely injured, hospitalized, and to remain impaired upon discharge. 9 In 1983, the age adjusted motor vehicle related death rate for Navajos of all ages was 57.0 per 100 000 compared with 19.0 per 100 000 in the white population. 10 11 The Navajo motor vehicle related death rate ranked first among the 12 Indian Health Service (IHS) geographic areas. 7 11 In July, 1988 the Navajo Nation enacted a primary enforcement safety belt use law and a child restraint law. Early assessment of the efficacy of these occupant restraint laws revealed a dramatic effect on seat belt usage and hospitalization rates for adult Navajos for the immediate three years after enforcement. 12 The possible effects of the law on pediatric morbidity and mortality were not assessed.
The objective of this study was to assess the impact of the 1988 Navajo occupant restraint and child restraint seat belt laws on the incidence of pediatric (0-19 years) motor vehicle crash related hospitalizations and severity of injuries. This ecological study sought to examine hospitalization rates and injury severity for two periods before and after enactment and enforcement of the 1988 Navajo laws. Specifically, two hypotheses were tested: (1) The 1988 Navajo occupant restraint laws reduced the rate of pediatric motor vehicle crash related injuries discharged from Navajo Area IHS hospitals in 1991-95 compared with 1983-88.
(2) The severity of injury in Navajo children due to motor vehicle crashes decreased in association with enactment and enforcement of a child occupant restraint and seat belt laws. We also examined demographic characteristics and seasonal variations of motor vehicle injury related hospitalizations for children from Navajo Area IHS facilities.
METHODS

Data source
Data from the IHS hospital discharge data system was utilized for these analyses (IHS Headquarters, Rockville, MD). This dataset includes discharges from both tribal and contract IHS hospitals for eligible individuals who reside in one of the 12 regional service areas of the IHS. Discharge records included three International Classification of Diseases, 9th revision (ICD9)-CM) mechanism of injury codes (or "E codes") and up to six ICD9-CM nature of injury codes (or "N codes"), date of admission and discharge, service unit, demographics including tribal affiliation and state, county, and community of residence codes. Navajo children discharged from Navajo Area IHS inpatient and contract health facilities who were less than 20 years with ICD9-CM external cause of injury codes in the range E810-E825 (.0,.1), "motor vehicle related injury, occupant or driver", were included. The IHS hospital discharge records have been shown to be greater than 80% accurate in assignment of external cause group. 13 Hospital discharges were included for the years 1983 through 1995. Data from outpatient visits were not available in electronic format for the entire study period and were therefore not included. Individual discharge records were used as numerator data to develop rates and proportions. IHS service population estimates, which are census based population specific projections, for the Navajo Nation were used to develop denominators for rates and proportions. 7 14 None of the various community hospitals, pediatric intensive care units, and trauma centers in the states and counties surrounding the Navajo Nation had complete E coded data for Navajo patients transferred to their facilities from 1983 through 1995. Approval of the study protocol was obtained from a tribal chapter house, the Navajo Area Health Board, the Navajo Area Health Research Review Board, and the Cincinnati Children's Hospital Medical Center Institutional Review Board.
The IHS Navajo Nation hospital discharge dataset contained 1575 records for hospital discharges for all motor vehicle related injury E810-825 (.0-.9) from the Navajo Area IHS facilities for people less than 20 years of age between the years 1983 to 1995. There were 866 records with ICD9-CM E codes in the range 810-825 (.0, .1), "motor vehicle related injury, occupant or driver". In order to reduce the chance of inflating estimates by counting multiple admissions for the same injury event, we assessed the records for readmissions. A readmission was defined as a discharge for which the month of discharge, date of birth, sex, state, county, community of residence were identical. Only 18 out of 866 (1.8%) were readmissions.
Injury severity
Injury severity was measured by determining the abbreviated injury scale (AIS) score and the new injury severity score (NISS). The AIS and NISS were determined from the ICD9-CM N codes in the records using ICDMAP-90 software. 15 16 The scores developed by this software result in conservative estimates of injury severity. 17 The mapping software and the injury severity scores it generates have been validated in pediatric trauma datasets. 18 Due to their commonly skewed distributions, these severity scores have been shown to be most appropriate when used as categorical variables. 19 The mapping software could not apply a severity score to 87 out of the 866 (or 10%) of records due to inadequate or non-specific information on the nature of the injuries. The proportion of imputed values for 1983-88 and 1991-95 were not significantly different (12% v 8% respectively, p=0.092). A conservative strategy was used and severity scores were assigned a "0" or "1" (no or mild injury) to those records that did not have assignable scores to minimize the potential bias associated with missing data. Analysis of severity scores with and without missing values did not alter the conclusions of this study.
Statistical analysis
In order to examine the effect of the law on children injured and hospitalized from motor vehicle related trauma, two periods before and after enactment and enforcement (1983-88 and 1991-95) of the Navajo child restraint and occupant restraint laws were examined. Enactment of the laws occurred in 1988 and enforcement in 1990; therefore, a period before existence of any such laws (1983-88) and a period after enactment with primary enforcement were compared (1991-95). In addition, discharge rates and associated demographics for the 13 year period of study (1983-95) were examined. In order to examine possible effects on more severe injuries, the proportion of injuries by age group with AIS scores greater than 1 and NISS greater than 4 were examined. These thresholds (AIS >1 and NISS >4) constitute "moderate-to-severe" injuries and have been used by other investigators to categorize more severe injuries in children. 20 21 Rates and proportions were compared using the Pearson χ 2 statistic, and injury severity scores were analyzed using the Wilcoxon rank sum test. 22 The population studied was split into age groupings for comparisons to reflect the stipulations of the 1988 Navajo occupant restraint laws.
RESULTS
There were a total of 866 discharges from Navajo IHS facilities for children less than 20 years with motor vehicle related injuries (occupant or driver) over the 13 year period of study. The mean age of Navajo children discharged from Navajo IHS hospitals was 11.3 years (table 1). Over half of the children discharged were male. More than three quarters of Navajo children injured and hospitalized were passengers in motor vehicles. Alcohol was involved in fewer than 8% of motor vehicle related injury discharges, and the mean age of patients discharged for motor vehicle related injuries where alcohol exposure was recorded was 17 years. The demographic characteristics of the two cohorts of Navajo children did not change significantly over the period of study. The hospital discharge rates for Navajo children decreased significantly in the five year period examined after the enactment of the occupant restraint law compared to that before enactment and enforcement (table 2). The discharge rates decreased by more than 50% for each age group (p<0.0001).
The distribution of severity scores was highly skewed. The severity of injury for children discharged from Navajo IHS facilities was relatively low overall and increased slightly with increasing age. The median severity of injury, as measured by AIS scores and NISS, for discharged Navajo children of any age group did not change significantly in the five year period after the law compared with the period before enactment (table 3, p=0.77). There was a decreasing trend toward reduced severity in the 0-4 year age group for both AIS score and NISS but this did not reach statistical significance (table 3, p=0.06 and p=0.07 respectively). There was a significant decrease in the proportion of 0-4 year old Navajo children discharged with more severe injuries (NISS >4) after institution of the law (table 4, p=0.03). There was no significant change in the proportion of records with AIS scores greater than 1 between the two time periods. None of the older age groups experienced a significant decline in the proportion of severely injured children discharged in the five year period after enactment and enforcement.
In order to examine whether road conditions may have affected restraint use and subsequent discharge rates for injured children, the season of discharge was examined. The discharge rates declined in each season by more than 50% for all discharged children less than 20 years (table 5, p=0.001).
DISCUSSION
The hospital discharge rates for Navajo children injured in motor vehicle crashes decreased significantly in association with the enactment and enforcement of a child occupant restraint law and seat belt law. In addition, the proportion of children discharged with more severe injuries (NISS >4) significantly decreased for Navajo children less than 5 years of age after enforcement of the child restraint laws. This is the first study to examine the effect of occupant restraint laws on motor vehicle injury in Native American children. The beneficial effects of child occupant restraint shown in Navajo children in this study may be replicable in other Native American tribes currently without child occupant restraint laws. 23 In a 1999 survey of tribal traffic safety laws conducted by the IHS and the National Highway Traffic Safety Administration, fewer than half of tribes surveyed (30 out of 86 reporting) had enacted a primary enforcement seat belt law.
In association with enactment and enforcement of the 1988 laws, the Navajo IHS instituted area-wide campaigns, which included education on occupant restraint and car seat promotion, rentals, and giveaways. In 1992 the Centers for Disease Control, in collaboration with the Navajo Area Office of Environmental Health and Navajo Department of Highway Safety, published data showing an increase in safety belt use from 14% to 60% by front seat occupants for periods before and after the 1988 laws. These data were compiled from observational surveys conducted on front seat occupants at sites throughout the Navajo Nation by IHS staff from 1985 through the present. 12 The failure to reduce injury severity in the older age groups may reflect a lack of restraint usage in the older age groups, inappropriate restraint, or engineering difficulties in occupant restraint for children over 4 years. 24 25 Pick-up trucks are essential transportation vehicles for people living in rural areas of the US such as the Navajo Reservation and Trust Lands. Children should not be transported in pick-up truck beds until restraint is designed to prevent their ejection and to effectively protect them from the transmission of energy involving crashes with these vehicles. 26 27 Even with passage of a primary enforcement seat belt law, appropriate child occupant restraint remains a challenge. Observational data from the Navajo Area IHS, Department of Environmental Health and Injury Prevention Program show that about 68% of adults utilize some form of occupant restraint. However, rates of child restraint appear to be much lower (unpublished data, Navajo Area Injury Prevention Program). The 1988 Navajo law was associated with a 28% decrease in motor vehicle injury hospitalization for all Navajos two years after enactment. 12 The effects of the laws on the Navajo pediatric population were found to be of greater magnitude in this study. Occupant restraint laws have been associated with appropriate behavioral change in motor vehicle drivers and passengers. 28 29 Laws specific to the childhood ages have been associated with a more immediate effect on child occupant restraint. 30 Primary enforcement laws have been shown to have a greater effect on reducing mortality risk. 31 Use of occupant restraint has been associated with a reduction in childhood injury, hospitalization, and mortality in several other studies. [32] [33] [34] Reductions in pediatric injury associated with Native American occupant restraint laws have not been reported before this investigation. Quinlan et al examined hospital discharge rates over an 11 year period, 1981-92, for motor vehicle injury mechanisms in Native Americans of all ages and found a 65% reduction in rates of discharge for youth up to 24 years using data from 11 out of 12 US tribes. Navajo Nation youth under 24 years, however, only experienced a 30% decline in this study. 35 The authors, however, did not relate their findings to any specific occupant restraint laws. Furthermore, some of the IHS areas included in the Quinlan study were urban settings with modern road traffic environments and emergency medical systems. The present study, in contrast, examined age groupings prescribed in the 1988 Navajo laws (0-4 child safety seat, 5-11 child occupant restraint, 12-19 restrained front seat occupants) over a 13 year period .
There are a number of limitations to ecological designs used to evaluate laws intended to reduce injury morbidity and mortality. 36 It is difficult to account for secular trends with such designs. All 50 states now have some form of occupant protection law. There was a 24% decrease in pediatric motor vehicle occupant deaths from 1978 through 1991 across the US in parallel with the widespread enactment of child restraint laws. 24 There were drops in pediatric motor vehicle related mortality of approximately 30%-40% in the states encompassing the Navajo Nation over the same time period (CDC WISQARS database). It is possible that the drop in motor vehicle related discharges for Navajo children reflects these national and regional secular trends. Furthermore, given the national and regional trends toward a decrease in mortality it is unlikely that the drop in discharge rates resulted from increased crash site mortality. We also were unable to measure the proportion of children transferred off reservation lands and out of the Navajo IHS for care. Children flown from the scene of a crash or transferred from an IHS facility for tertiary trauma care are likely to represent a more severely injured subset of children. However, there is no reason to believe that the capability of the IHS medical system to ventilate and medically or surgically manage a severely injured child changed significantly before or after the 1988 laws. Therefore, transfer out of the Navajo IHS is unlikely to represent a systematic error in case ascertainment. We also were unable to measure exposure to the road traffic environment with this dataset.
Conclusions
This study demonstrates a reduction in hospital discharge rates for pediatric motor vehicle injuries after the implementation of a child occupant restraint law and seat belt law in the Navajo Nation. The severity of injury to very young Navajo children was significantly reduced after enactment and enforcement of this law. The magnitude of effect of the restraint laws on pediatric motor vehicle injuries was shown to be greater than previously reported for all Navajos (50% v 28% reduction).
IMPLICATIONS FOR PREVENTION
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